Phosphorylation of WASP by the Cdc42-associated kinase ACK1: dual hydroxyamino acid specificity in a tyrosine kinase.
ACK1 is a nonreceptor tyrosine kinase that associates specifically with Cdc42. Relatively few ACK1 substrates and interacting proteins have been identified. In this study, we demonstrated that ACK1 phosphorylates the Wiskott-Aldrich syndrome protein (WASP), a Cdc42 effector that plays an important role in the formation of new actin filaments. ACK1 and WASP interact in intact cells, and overexpression of ACK1 promotes WASP phosphorylation. Phosphorylation of WASP in vitro was enhanced by the addition of Cdc42 or phosphatidylinositol 4,5-biphosphate, presumably due to release of the autoinhibitory interactions in WASP. Surprisingly, when we mapped the sites of WASP phosphorylation, we found that ACK1 possesses significant serine kinase activity toward WASP (directed at Ser-242), as well as tyrosine kinase activity directed at Tyr-256. A serine peptide derived from the Ser-242 WASP phosphorylation site is also a substrate for ACK1. ACK1 expressed in bacteria retained its serine kinase activity, eliminating the possibility of contamination with a copurifying kinase. Serine phosphorylation of WASP enhanced the ability of WASP to stimulate actin polymerization in mammalian cell lysates. Thus, the tyrosine kinase ACK1 acts as a dual specificity kinase toward this substrate. In contrast to other dual specificity kinases that more closely resemble Ser/Thr kinases, ACK1 is a tyrosine kinase with an active site that can accommodate both types of hydroxyamino acids in substrates.